Despite considerable advances in diagnostic testing, medical treatment, surgical and non-surgical interventions, therapy of gastrointestinal (GI) bleeding remains a challenge for physicians. Although GI bleeding ceases spontaneously in roughly 75 % of patients, it still carries a relatively high morbidity and mortality in our aging population [1] . When faced with a bleeding patient, clinicians initially attempt to separate hemorrhage arising in the upper gastrointestinal (UGI) tract from that originating in the lower gastrointestinal (LGI) tract, delineated by the ligament of Treitz, due to the considerable differences in diagnosis, treatment and prognosis associated with each region. Regardless of location, endovascular interventions remain important for the diagnosis and treatment of GI bleeding, likely only increasing in application and efficacy in the coming decades.
Before 1968, endovascular physicians had little to offer the acutely bleeding patient. The first major therapeutic intervention for GI bleeding was catheter directed intraarterial vasopressin infusion [2] . A somewhat cumbersome procedure that has largely been abandoned in contemporary practice, vasoconstrictor infusion offered a minimally invasive therapy that could be employed in stable and unstable patients alike, for variceal and non-variceal hemorrhage [3] . In the 1970s, arterial embolization initially appeared promising, although its widespread adoption was thwarted by unacceptably high complication rates, primarily colonic ischemia [4] . When technological advances in imaging, embolic agents, and catheters caught up with physician ingenuity in the late 1990s and early 2000s, a paradigm switch occurred with arterial embolization assuming primacy for catheter-based therapy of UGI and LGI bleeding.
In the past several years, numerous studies, predominantly retrospective series, have reported the safety and efficacy of arterial embolization for UGI and LGI bleeding [5] [6] [7] . Although published algorithms for the management of GI bleeding exist, the application of mesenteric angiography with transcatheter arterial embolization in the therapy of GI hemorrhage remains controversial.
The study by Yap et al. [8] in this issue describes a single-center experience with transcatheter arterial embolization for non-variceal GI bleeding over a period of 8 years. The authors demonstrate a high technical success rate in keeping with other reported series and national guidelines. Of note, the data are reported without strict separation of UGI from LGI bleeding, which dilutes their conclusions. Despite this limitation, the authors provide a detailed look at patients requiring transcatheter arterial embolization, and identify important risk factors for rebleeding, notably underlying peptic ulcer disease and coagulopathy.
Their experience highlights an important concept in the endovascular treatment for GI bleeding; embolization in the UGI tract can either be ''targeted'' at visualized arterial abnormalities, or ''empiric'', where the suspected culprit arterial branch is occluded despite no demonstrated angiographic abnormality. In the LGI tract, where the collateral arterial supply is tenuous, targeted embolization is recommended such as in the accompanying article, where targeted embolization was used in all LGI bleeds. In the UGI tract, rebleeding occurred more frequently in targeted (29 %) compared with empiric (23 %) embolization, yet the 30-day mortality was 11 and 31 %, respectively. With no clear explanation for the disparity, additional investigation is warranted with a goal for improved outcomes in patients relegated to empiric embolization in the UGI tract.
Although the study focuses on embolization, 117/212 patients underwent diagnostic mesenteric angiography without embolization. Hemorrhagic-specific mortality at 30 days was 19 % in the no embolization group, compared with 14 % among empiric and 7 % among targeted embolizations. While a generalized conclusion can be made that embolization reduced hemorrhage-specific mortality, a detailed description of patient characteristics in the treatment and non-treatment groups was not provided. By focusing on those patients who did not undergo embolization, it may be possible to identify weaknesses in diagnostic and interventional techniques.
The authors noted that endoscopy helped localize the site of GI bleeding. For UGI bleeding, endoscopy localized the source in 81 % (56/69), ultimately guiding the selection of the arterial branch for embolization in 86 % (31/36).
LGI bleeding was less impacted by endoscopy, with only 24 % (4/17) of bleeding sources localized. Tagged red blood cell (RBC) scanning, a sensitive nuclear medicine test for active bleeding, provided LGI bleed localization in an impressive 92 % (12/13). As noted by the authors, this difference primarily impacts transcatheter arterial embolizations in the UGI tract where an empiric or targeted technique can be used. It is not clear how endoscopy and tagged RBC scanning impact embolizations in the LGI tract, where empiric technique is not customarily applied.
When GI bleeding is suspected, appropriate resuscitation, medical therapy, and correction of coagulopathy should ensue. In suspected UGI bleeding, endoscopy should be the primary study for diagnosis and potential treatment. When bleeding is refractory to endoscopic treatment or recurs after treatment, mesenteric angiography with targeted or empiric embolization can be pursued with high technical success, good efficacy, and low complication rate, as demonstrated in the current study and by others [6] [7] [8] . For those patients who fail these initial measures, repeat procedures and/or surgery may be necessary. In LGI bleeding, similar guidelines apply, although the initial best test is not as evident. Options include lower endoscopy, tagged RBC scanning, and diagnostic mesenteric angiography. Depending on the results, therapeutic interventions can be pursued, similar to UGI bleeding.
Significant challenges remain in the management of GI bleeding. An under-discussed subject is the large number of patients, such as the 55 % in the accompanying study, for whom angiography is only diagnostic. More specifically, LGI bleeding evaluated with mesenteric angiography is overwhelmingly diagnostic [9] . Since angiography is resource intensive and invasive, additional tools and techniques are needed to increase the percentage of positive examinations.
Two emerging diagnostic techniques with promising results are computed tomography angiography (CTA) and provocative mesenteric angiography (PMA). CTA evaluation of GI bleeding using a multiphase intravenous contrasted enhanced technique accurately identified the source of hemorrhage with high sensitivity (85 %) and specificity (92 %) in a large meta-analysis [10] . In a recent series, 86 patients with acute GI bleeding were studied with CTA, yielding 22 positive and 64 negative examinations. Among the patients with a positive CTA, 17 underwent angiography with targeted embolization performed in 71 %. Three others went directly to curative surgery with no intervening angiogram. Importantly, 92 % of patients with a negative CTA underwent medical therapy requiring no further intervention [11] . CTA has distinct advantages compared with tagged RBC scanning and diagnostic angiography: (1) CT scanners are readily available in the US, (2) a CTA study can be performed rapidly with no preparation necessary other than the required intravenous access, (3) published protocols specifically geared towards detection of GI bleeding are readily available, (4) a positive study, classically defined as intraluminal extravasation of iodinated contrast, provides precise anatomic localization of the bleeding and often the underlying cause (e.g., diverticulum or tumor), and (5) additional information can be gleaned from the study, such as an unrecognized bowel perforation, which may direct a patient to surgery rather than angiography or endoscopy. Tagged RBC scanning requires preparation of the radionuclide, longer imaging time, and can provide only approximate localization. While its sensitivity for detecting bleeding at rates less B0.1 ml/min is well known, CTA compares favorably detecting bleeding as slow as 0.3 ml/min. Angiography is an invasive test, requires significant resources that may not be immediately available, and has the least sensitivity for detection of bleeding ([0.5 ml/min). At our institution, CTA has become the preferred initial radiologic examination for acute GI bleeding not localized by upper endoscopy.
Once a patient is considered for mesenteric angiography, identifying the bleeding source can be challenging due to the low rate of positive studies, particularly in LGI bleeding where direct visualization is necessary for embolization. In 2001, physicians at Duke University Medical Center published their initial experience with PMA using a combination of intravenous heparin, intraarterial tissue plasminogen activator, and intra-arterial tolazoline in patients with negative angiography for LGI bleeding. Using their protocol, a previously occult bleeding source was identified in six of 17 procedures (35 %) with no complications encountered. Successful treatment was achieved in five of six patients [12] . In 2010, the same group published their subsequent experience with PMA using a modified protocol. They elicited angiographically visible bleeding in 11 of 36 procedures (31 %), resulting in ten successful embolizations with no hemorrhagic complications [9] . As noted by Kim et al. [9] , the published literature on PMA is limited at this time, but their experience and that of others indicates that PMA is safe and effective, and should undergo additional investigation on a larger scale.
In conclusion, the landscape for transcatheter arterial embolization in GI bleeding continues to change, with published reports from authors like Yap et al. offering valuable insight into the application of the technique and where future investigation is warranted. Emerging diagnostic techniques like CTA and PMA present opportunities to dramatically improve patient selection and outcomes for transcatheter arterial embolization.
